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A method for fabricating a monolithic micro- 



optical component. The construction of the micro-opti- 
cal components is accomplished by using, standard 
semiconductor fabrication techniques. The method 
compriseis the steps of ^epositng an etch stop layer 
(44) onto a semiconductor substrate (42); depositing an 
optical component layer (46) onto the etch stop layer 
(44); coating the entire surface of the optical component 
layer with a photoresist material; applying a photoresist 
mask (50) to the 'photoresist' materiar on the" optical 
component layer (46); selectively etching away the opti- 
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umn (52) forming^ ^ pedestal (54) for Wacfi & o/the^optical 
columns (52) by selectively etching away the etch stop 
layer (44); and finally polishing each 'of the optical col- 
umns (52), thereby forming monolithic optical, compo- 
nerrts'(56^ 
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cal columns prior to polishing the optical columns, as 
well as the stepjDf .depositing an .antireflectiyity coating 
onto each of the optical components. Al ^,^ T 
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Description 



each of the optical'coi^ away 
the etch stqp layer;>and finally polishing each of the opti- 
cal columns, thereby forming monolithic optical compo- 
nents. The method, may optionally include the step of 
removing the photoresist mask from each of the optical 
columns prior to polishing the optical, columns, as well 
as the step of depositing, an antiref lectivity "coating onto 
each of the optical components. 

BRIEF DESCRIPTION OF THE DRAWINGS 

i^Cr ~CU: r r 

[0005] Other objectives and advantages of the present 
invention will be apparent to those skilled in the art upon 
reading the following detailedtdescription and upon ref- 
erence to theTdfawings in which : iO vr* -i*") .n- " 

ye rcj 

Rgure 1 is a perspective view of a J micro-optical 
system having a micro-optical' -component- in 
accordance with the present invention; 



■if ft* 



BACKGROUND OF THE INVENTION 



t . Field of the Invention 



[0001] This invention relates generally to micro-optical 
components and, more particularly, to a method for pro- 
ducing monolithic micro-optical components using 
standard semiconductor fabrication techniques. 

2. Discussion of the Related Art 



10 



[0002] Compact and simple lens systems fof-rhicro-' 
optical devices are essential in optical ^communication 
systems. Generally, an optical communication system is 
comprised of independently fabricated ^micro-optical 
components that are attached «to- ! rriicr6benches. • 
Present optical systems use a variety of techniques for 
fabricating micro-optical components and for obtaining 
efficient coupling between ( ; -micro-optical 4 components 
and other micro-optical devices. For instance, these 
optical systems might be manually assembled from very - 
small parts by persons l usihg i Geezers 1 arid- a' 'micro- 
scope. Although this manual approa c ch v may f be n feasible 
for limited quantities of systems! : difficulty ' r ferriSim? in 
achieving high output production!' On J trie- other -hand, 
current automated assembly techniques' fail HoVchieve 
the precision alignment, and quality needed. for most.., 
microcomponent systems. t 

[0003] Therefore, it is desirable to provide a monolithic ' 
micro-optical system for use in various optical communi- 
cation applications. Since there are less individual com- 
ponents to align, the complexity of the assembly 
process will be decreased. Some assembly steps are 
entirely eliminated with the formation of a monolithic 
structure. This reduction^in assembly complexity 
improves alignment accuracy, increases reliability and 
decreases assembly costs for a micro-ojDtical system. 
The present invSnlibnTsolvls^these^ by using 

standard semicp'nduHorlabricatibn i techniques to man- 
ufacture a monolithic micro-optical system. 

SUMMARY OF THE INVENTION - H 

[0004] The present invention relates to a method for 
fabricating monolithic micro^jbtical components. The 
construction of the micro-optical components is accom- 
plished by using standard semiconductor fabrication 
techniques. The method comprises, inJone embodi- 
ment, the steps of depositing an etch stop layer onto a 
semiconductor substrate;- depositing an optical compo- 
nent layer onto the etch stop layer; coating the entire 
surface of the optical component layer with a photore- 
sist material; applying a photoresist mask to the pho- 
toresist material on the optical component layer; 
selectively etching away the optical component layer to 
form at least one optical column; forming a pedestal for 
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Figure 2 is a top view of a micro-optical duplexer . 
system implementing an exemplary micro-optical 

i 

Figure 3 is a side view illustration of a semiconduc- 
tor wafer in accordance with /the present invention; 

Figure 4 is a top view illustration of a photoresist 
. .. mask in accordance .with the present invention; 

30 

Rgure 5 is side view illustration of a photoresist 
mask in accordance withjthe.present.invention; 

^Figure.6 is.side view-illustration of initial. optical col- , 
, umns being-formed by 4 .selectively etching awav an.. . 
pptical^component , layer in - accordance with .the, ^ 
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.Figure 7 js,.a, side -view, illustration.. of. pedestals. 
, being formed by an undercutting etching process in 
, accordance, with the present invention; . . . r n , 



Figure 8 is.a side view illustration of the selectively 
etched surface. of the .optical columns, where4he 
photoresist mask has been removed in accordance 
with the present invention; and . , . . \ 

•■'•yv.o? !f£piiac :vif^j }-.;.fi or ."-toi vJ -3^ r= »• >; 
Rgure + 9 is a side view illustration optical compo- 

nents that have been polished into shape in accord- 

^ance with the present invention. % . 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS : w ' " " "~ ' " 
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[0006] While the invention is described herein with ref- 
erence to illustrative embodiments for particular appli- 
cations, it should be understood that the invention is not 
limited thereto. Those having ordinary skill in the art and 
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access to the teachings provided herein will recognize 
additional modifications, applications and embodiments 

within thescope thereof and additional fields in which * 

r,rrvt.v»-^orj. *t»i ;no^u^vo7>?;i pj, n. :» y eor» rite;: 1 ' 
the present invention would be of significant utility. , 

^srjAvis sir .enctaor. pnrs'J ^ »!u^:^ ni i-jve! !,v*:i 
[0007] , A micro-optical .system 10 for use in an optical .... 5 

fiber ( network,applicationJs,depictedjn Figurel^Micro- 

optical .system. ,10Js^a monolithic structure „that is. cre 7 . , 

ated (as.further described below),using standard serni- 

conductor fabrication techniques., Micro-optical system 

1 0 includes, an ; micro-optical .component- 14 .connected^. . 10 

by a pedestal t 16i to .a semiconductor lt substrate r 12. The , 

micro;optical .component 1.4 Js showaas a spherical. ball ^. 

lens, but is intended to .represent various optical compo-- 

nents.such as.acylindrical or conical.lens, a.concaveor . 

convex lens, a,.prism. pr.anyj other -.related, optical ~is 

devices.^Eachvpf .these^components, or. combinations >r . 

thereof? serve u to. focus Jight,or redirect an .optical, beam 

between , other ^photonic _ components - (e. g. ; . . receivers, , 

transmitters .and. repeaters) ahd.may^a.used . to ,con- : r 

[0008] i . A micro-optical 1 duplexer,20 ( ,is 1 depicted l! in r Fig- 
ure 2' as an exemplary- implementation of a .micro^pptical . 
system.in an opticaLfiber. network application. Micro-,.;., 
optical duplexer o 20 v is, being xl used f . as a-birdirectional-, t 
transceiver.Jn. a,fiber r network..MicroToptical 5 duplex 20 ..25 
includes a micrpbench 30 4i that is f mounted"onto a hous-- , 
ing 22.(e.g., Kovar. housing). which has a feedthrough, for., 
an optic fiber,24..A.singlerrTiode 1 fiber ri 24 serves,as,the , , 
connection^ to. a f remote^fiber u network (not shown):~A 
photo diode. 26 and. laser diode ^are, also mounted, to ^,30 
housing; 22. The tolerances in portioning ^ .and c .f mng :r . 
these active ide/ices.qn.housing. 22 are on .the.ordervof - , 

microns. no j 9 ^ ^ j 0G r n,or> o 'rrjoi yibvr; . q •?} ' • - ; 

[0009]^ Microbench.30 A (4mm x^14mm x 1 mm) provides^ .... , 
the various passive. microTopticaLcomponents needed 35 
by the system. ^ .right .spherical Jens^32,i.a-left .spherical (i j , 
lens_34,and ajwavelength filter f 36,are leach-formed and — 
passively, aligned ion -micrpbench ,30. In ordertO: have ,a 
collimated laser. beamcfor.a.distance of ; several , millime- , a r 
ters, v these^sphericalolenses ,have r .a^diameter on t the » 
o^er L 9f ? 99P ir um^T9 f ach^ 

required sfonj thi^^sjy^^ignment, vM^en^iiSPoo: 1 
including 4hese,i micro-optical ..componentSntjanerifabri- - *. 
cated in accordance with4he p principles ri of r the. present Pll 
iiwentjon. ^^ ne9C i 23f ^ tr!9noqrnor;. !«3o\tqo ns sot'C [QW* 5 
[00ip] jiioc ln geei^qn^gf^e^^eK^fZQg lightwith^the, f ,. 
wav^engrth^igpo^nm 28, 0l 

and collimatedrby^right; spherical rlehs 32 before : being ; ^t 
passed f through,wavefilter r 36'and focused^onto.the end A ,-> 
face ( 0f c the siggfem^e^fibex ^^M^i^the^Hinse:,^^ 
length; ^ISSft nmjejters x t^rp and>is ( cplji-.; i;f i 
mated by>left spherical.lens^^ priorto being reflected at.,-,, 
wavelength^filterjSe.-and /detected byr.photo-.dioder26.~;.o 
While depicting, these (rnicro-ppticaL . components- in -ithei,-*-. . 
context of a rnicro-opticaKduplexer.i-this- discussion is ss 
intendedjjto ^dequatelynteach^e^ski , 
i mplement v jrxiicrprPptical,- { compon 
invention in a : yariety^optic^^applicatip B r V 



[001 1.]., t Figures 3-9 illustrate the steps fon.fabricating^ .. 
micro-optical jComponent^of the s present invention. Fig- C 
ure. 3 shows^a.side view^of. .a .typical, semiconductor^, 
wafer .40. Commonly known epitaxy, techniques (Le., : 
LRE, MOCVD, etc.) ; are used to grow, precisely cali-^* 
' brated thin single-crystal, semiconductor flayers., An. 0 
indium phosphide r (InP). .substrate 42: serves. as, a,-. 
microbench/for.the micro-optical components. A pedes: t - 
tal layer 44,with a thickness, on . the order .of .2-5. microns , r 
is deposited.onto substrate 42. This layerJs, t comprised>., 
of a ternary.material (i.e. InGaAs or AllnAs) quaternary { 
material , (ie.,*. InGaAsR), and determines f the .pedestal |0 
height for each optical, component. Using the accuracy,., 
of the epi^sjal,growth, t§ch 

can be controlled at .the angstroms tolerance. level.,.An., . 
opticalcomponent layer f 46 is,then deposited onto ped- 0) . 
estal.Iayer^^.c.Optical-component.rlayer^fe should bev 
deposited ^ at ,a ^thickness correlating, to .the; maximurn, 
required lens dimensions (at least 20 .microns^ thick). 
Indium phosphide, (InP) is also, chosen for optical com- in - 
ponent layer 46 because of its etching characteristics as - 
well as its ability to form a high index lens with low aber- , tr 

rations.^ » ^ L , ^ : ^ MJ . ri ;,nfT:u»or. .Boitqo leiTi;n 

[0012] .i^Jn an, alternative.preferred. embodiment, 3 the^.j 
optical component layer u <^,.and, substrate, 42 may^be^, 
comprised of. gallium., arsenide .(GaAs), whereas the y s • 
pedestal ; laye^,44- : is ..comprisedr^of t aluminum.galliumj^ , 
arsenide >(AIGaAs). r lt is important to note* that tPther 1L(! 
materials can be ^used^ for .these various : layers.; For> « 
example, the, optical component layer 46 and substrate r 
42 may «be f .any 1 1 WjJ^ semiconductor material and^may^ jf , 
include, ^indium . phosphide.. (\nP), gallium^arsenide^r, 
(Ga^) 0 indium ,arsenide »(lnAs) and galjiumphpspjiide^, 
(GaP).- Moreover, although two .different materials^hav^y. 
ing similar ; thermal I expansion cpefficients.mayv be used, , , 
the same/ rnatenali is, preferably used, fqr [C bo,th 0 p^icalj 
component layer ,.46cand .microbench, substrate^42. flrvvjl 
this.vray^optical alignment problems caused .by ^ thermal, v>>1 
expansion are minimized in optical applications .where. ■,- 
wide, temperature variations are : OTmmqn r (i.e. ?) ;in : mi]i-K C 
tary and space applications). L . ,* b-jv--m^ <lv»-^to*i9e e: 
[0013] , . ; . P hqtplithography , and- oth er Igiqwn wafer Jabri-, : c ? 
cation techniques, are, then used. to .fabricate. 4he,pptical> LV 
components. ,-Fi rst, a phqtpresist cpating : is applied.pyerofw 
the enti re j surface $ft t the j.ORticaj [jpo^ponert vL^eri^-fit^ 
The pr^eferr^phgtoresist material js 2 r ethpxpyethy!ace-,ioc 
tate (60%) and n : butyl acetate (5%) iaxylene i and i heoc T ,o;i 
amethyldisilozane^HDMS) because^ qf : itsjsuitabjlityafqrtcq 
use in theory, etching of deep profiles ^pnjindiunrphosrjevv 
. phide (|nP), and- related semiconductor nriatenals:j ( PhpTHri 
toresist;material..may L alsq(jnclude^ • 
+ n-butyl acetate inixylene~solvent, 2-ethpxyethylace-"5br 
tate + : n : butyr : acetatenLn xylene; and i:silicon.diqxidev IC M V 
(SiO^.p.recpated, ^ethoxyethylacetate^+ca-^utyl ace v - sv.- 
tate in xylene and silicon, nitride (Si 3 N 4 ) precqated^^sili^io^ 
con dioxide (Si0 2 ) and complex silicon^nitridec(Si x N y )'!/ 
or aluminum oxide (AI2Q3) precoated. t L?{Tcv y . : r: \ y ^ »o, 
[0014] A mask is used to transfer a lens pattern onto 
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the Optical 'component layer. Lens patterns are chosen v 
based onMhe quantity and type of lens required for a 
paftTcularopticai application! As 1 will be apparent' to one ' 
skilled irPth^art?an initial- lens shape is dependent oh 4 
the f partiajlaP n^sk'l^esVgn/Dependirig W^e type of 5 
optical 'component (Sg:? r spheri6arbairiehs; cylindrical 
ball lens." conical ball lensrconvex lens, concave lens, 
prism/ or a combination of these components), a corre- 
spending mask will be used; to L establish the shape of 
the' initial 'opticaT'colurhn. Ag^Se^seenln Rgure : 4V'a ' 10 
mask' is ? a ; pattern fri^which the regiqris to be expqsed'are 
opaque "-and 'the^protected regions^ are^shaded. The 
mask is aligned>--with optical component layer 46 such 
traflwh'en ''fr^^^ ' exposeel '% ah 

ult?avioref' ; (GJ\O u light ^fe^6fi'gl^tfiS l!c iiii8fc. -the" ; 16 
appropriate Iens r pattern is transferred onto the surface - 1 
of the optical componenrlayer. As a result; a-photoresist c 
mask'Sd'^as illustration Figure 5, l is%rme<fdh trTe-'siir^ 1 " 
face of opticahcomponent layer 46. ^ - 1 ■7 " - 

[001 5] Next, initiail optical columns' for. each of the' 20 
micro-optcal components is formed by dry, etching 
away the unwanted optical component material. These 



initial optical columns 52 are shown in Rgure 6. As will 
be ^parent 'td-orie skilled * in i the" art;' electron cyclotron 1 



resonance (EC R) ,J etching , Ib inductive* couple plasma' 25 
(ICP)' etBfiing !v br reabtive^bn 'etching ^RlE^are'corfr 
moW l e^P'6yecl f ^ r y ^ etching [ techniques: bry^efch rhix^ 



tureslrfayihclucie i argon and ( Hydrochloric acid ! (Ar/HCI) ? 
argor? hydrogen- and v chlorine (AR/cr 2 /H2); argon and" 
hydrobrbmic 'acid (Ar/H Br) / argon and bromine^ (Ar/Br^;** " 30 
argdrT'aha^chlbrine r (Ar/Ciyp'argon' ''ah'd J 'methane and " 
hydrogen 1 (Ar/CH^/Hg), methyh iodide (H3CI); ''bromine 
icxjid^ r (IBr)?methahe arid hydrogen and sulfur fluoride'- 
(CH^/SF£l*%0/\ 1 iodide • (C^Hgl); 1 5 ' isoethyl- iodkJ^ 
(C 3 H7l)y hgxafliioride r carbon arid* hydrogen(C 2 F 6 yH2). ^ 35 
or dichlbrodifluofo carbon arid oxygen (CCI^F^/O^)?'- ' 
[001 6] s ^ Referring to Figure 7? wet sel ective : etch ing with' 1 * 
coritrolled'uhdercuttihg 'will provide 'a' -pedestal : supp6rt- 
or stem'54*fbreacfr^ using 
selective ' (quaternary) ;f etchi rig sol utibn, pedestal' laye?" '40 
44 is selectively removed f rom r under heath -the^bptical 
columns without *eff efctihg We 1 binary or 1 other material f " 
comp>isin^ r the"bptica "and substrate layer. 

MorebveVHRisfc'uhderc^ provides ,, ; 

suff icieiii'space 5 below" each ; bf : the 'optical columns for : 45 
polishing r and c subsequeht fbrmation^of trie optical* com-- 1 
ponents.^ Wet- selective etfching^herhicals' nray include^ ' 
potassiuiW'hVdroxidepdtassiuW " : 
wate7^(KOH:K^Fe(GN) 6 :H20)^lactic acidihitric acid (1 0 l * 
CHaCI^OCOOH :HNO^)p' hydrbchloric^ acidfnitric ^cid so 
(HCIIWHNO^^where n>5) ^'phosphoric "acid :hydrog^n 
peroxid^ideidhiz^'water'fNlPO^H^ 8 r 'H§0), nitric * 
acid (HN0 3 )Fslilfuric*^ 

waters K(H2SO4:H20 2 -:H 2 ; O)FV>^nitric^^ i- ; acid:fartaric : ", 
acid:d"eidnized GiQ (*^ t ;c; wwaier^ « an:-K-. f (n '*'55 
HNO3:HOOe(GH 2 0) 2 e00H:H 2 O? where ( n between 1 
and 10) and hydrofludric T acid:hydrbgen peroxide:deion- 
ized water : (HF:H 2 0 2 :n H 2 Or : wherein between * 1 and ■' 



20)' '* ' r 0 J ' J ^ ' * ' U ' T } * ' ' " ^' yt } ' ' ' 1 ' ; ' ' 7 J ^ n ' T ' " " " : 

[00,17] After the above-jd escribed etching process, the . 
photoresist coating is removed from the optical t compo- 
nent layer in Figure 8. Using acetone, the photoresist 
mask is removed;from the surface of the optical col- 
umns. Following the removal of the photoresist mask, 
the acetone is removed from the surface of the'optical " 
columns with isopropanol and then the isopropanol is 
removed from the surface of the optical columns using 
deionized water: The photoresist can v also be removed 
using' photoresist^stripper; potassium ' hydroxide, or 
other equivalent alkaline chemicals followed by a deion- 
ized J water rinse. Finally; oxides^and' photoresist resi^ 
dues are' removed' from nhe' surface l oPthe optical 
colore usihli^a^m hpo^'de (KSffl? 2n91 x *" 5 ' 
[0018] J Lastly, these optical columns are further etched 
and polished into optical components 56 as seen in Fig- 
ure 9. Aselective wet 'etching process continues the for- ' 
mation process of an optical component For instance) a 
weak non-orientation binary selective Aching ^olufiorr 
(e.g,; h^r ; dflonc^acltf 
hydr*6broWd 0( Scrd;a<^i^^^^ 

hydrochlori^° ! ^^ iln ^ aaafpropylenW 30 ^ 0 nL gly&T : 
(HCi:'CH 3 CHOWCH 2 OH^^ 

round off the' efig es : ancP cor riers ' o'f the* Sptibaf 'TOlumn. 
Since this^olutionwiiretc 

than other portions^of the optical -columns; the corners 1 
are rounded off to form lenses, thereby shaping the opti- 
cal 'columnVlMcT3ptical : ra also 6e r 
noted 'that 'this' &lufadft s shbul^ guatef nary ' 
material -of the peae^tal|fl n ' ssDnoelot erT^ .SS 
[0019] * :: Furthermdrey a^weak^chemical jDolisfiing^sdlu 1 
tion (e.g., hydrobromic acid:acetic acid:deionize3 : ' 
water(n flBr:CH5COOH:^2b/wfiere f 'h and' " : 
4), ^>*&or* n s 'hydr6crTlonc BD ^ c a^cidWopyiene^ s 'glycSl : 
(HCI:eH^eHG^bW 2 GH))^ 

faces of an optical : column?In this case, polishing is usu- - 
ally 1 ■performed 5 ^ a 1 v r efy^1dw^*temperatu>e^ 
between rr 1 0 r de v grees anB : 20^deg?e^feeritigra^ 
polish"- the sCirface'fef ^optical r \Si^ t Bi e^S§^ r fR€^^^er-' r 



tion, agita?^ the* wafer for ? a calibratecl'pefiod : of time and* 
then : rinse In^deionize^water J follow* wafer'tcf dry before ^ ' - 
proceeding tBTha «nSaifSHgTsK^ Jiw ©on&bfoojfi m b^i 
[0020] Once an optical component has been formed? 0 ' 
an anti reflectivity or filtering* coating can also be applied • k 
to any one of -Ihese ^optical' components^- maximize^ 
transmitted 'light : For v the r pre§ent : ihve^ioh^W^Sal ^ 
mixture bf H aritireflecti^ity jfARJ-coafihg whicfr 
magnesium ^fluoride 1 '(Mgn? aluminum^oxi3e If (AI 2 ^ ^ 
haf nium f IDdride (rtf ^silicori^dibxide '(SiO^l and silicon • 
nitride-(Si3N4y is dep6sited :J 6vef' r the entire c surface* 6f* r 



each optical component. This coating may be applied by^ 
using Electron' beam-evaporation,- sputtenng; r chemical " 
vapor deposition, or other similar processes. 1 • £ ~ fi JX£,< - 
[0021 ] * ^'Th'e'foregbihg discloses'and ^describes 'merely - 
exemplary err^odiments'bf the^prese'nt' ^ invehtiori'. , 'One 
skilled in the art will readily recognize from' such discus- - 
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sion,, and, from ,the,accompanying drawings. and. claims, 
that various, changes,, modifications and variations can 
be made therein, without .departing, from, the spirit and 
scope of the.present invention,-, . . f . . ■ 

■.-.O^H .HOOOO s K0, 1 O'; : 1 ■- - i :v ■ • js ** 
Claims (t , f.-cuir-t.lOH) Di;*.*: 'v. i o.i .i*v.*»-i^.r. 

'.**j£*W ^♦MjfiOISOiObtXOl;--"! I- f.. . .■.l b...' OJ.'.Tt.. 

1 . - ^method for^n'catjng a mjcro-qptical component, 
v cqmprising the^steps of; 

^jj^/depositing an etch stop layer onto, ;atsemicon- 
hnfc ductor { substrate; 3, ;o .1 • x -i :> 1 """.i--' 
^»fdeppsiting n .an rpptical, component layer onto 

said etch stop. layer; . jm- >; vj:f.-- 
tff , n coating ..said, optical.; component layer with a 

■Slip ra tij . . c i-.^i 1 iC«w -r ^j« • - ^ i-vYi! 1 '.;.. ■ n.'.*' .-.i-. 

....photoresist .material* . 
r _:, .applying a.mask.tosaidphotoresistmaterial on 

* said optical^component layer* ^ 

selectively etching away said.opt|.ca^<?ompo- 
_ rirtl nentJayeraoiorm } atileastpne.optical,cblumn; 
" forming, a pedestaUor^each of, said; optical col- 
,,.^ v umr*is by^selectively ,etching r away 1 ,said etch 

ot*r: D s*ORdf:y er ^and H ot:!H) aimo-ic 

[.polishing .each-ot said^optical columns, , thereby 
^r^forming.monolithicjoptical .components.. , - 

2. The methof^vOf.Claim 3 t .HOOO € HO «8r 1 ; tsIhw 
further comprising tthe.steps.pfc- » 0 no;^ b »r 

.-too bJi^a to ^on^-a tjsecoia erit "Kimeoio b'^* 

. removing . said - mask from t each.pf, .said .optical 

. columns prior to polishing said optical columns, 

* depositing an antirefl^iyitY^coating^nto each 
« r% a-of> said, optical components, to maximize trans- 

.imitted-light.and/onwherein^K;., 
. MP aU east .one, of. said, optical components being 
. -, ti selected from the group consisting.of; a spheri- 
cal ball lens, a cylindrical ball 0 Jeris,, t a conical 
ball lens, a convex lens, a concave lens and a 

<. . Q ^said .optical t components P and , said , substrate 
no irbenng, comprised ^. c n^.^i.h^ng: substan- 
'sointiaJly sjiiiiijar 5 thej;i*n^ for 

improving optical alignment;,. and/or. 
or, iri»Jd^OR^. e (»^n ents , layer, >and -said , sub- 
!t > v ,stjate r being 5 c 

: ri^^-JhStfllPSJB consisting, of -jndium^phorsphide 
, D (ln^ t .gallium 

.' C:nid%b(!a^s)ncand> galjjum jb phpsphide :) ^(PaP), 

and/or U,^ji2) obhfin no"»i-:^ bnfi 

said optical components layer comprises a 

-CDi.'f ■» 

said etch stop layer being Gompnjsgggf a. mate- 
rial selected from the group consisting of 
indium gallium arsenide phosphide jflnGaAsP) 
tr -and aluminum,r,gallium,. arsenidei a (AIGaAs), 

said etch stop layer comprjses^ajayer atjeast 2 



microns thick; and/or „ . 



the step of select[vely ejch|ng.away j( said optical 
component layer further composes .dnycetching 
in the.areas.surroupding said photoresist mask 
5 .to form, at least .one-,opticaLxolumn it: using at 

least, one, .of,, electron .-cyclotron, .resonance 
(ECRJ^etching. inductive.. couple, plasma (ICP) 
. , etching.arxJ.reactiv^ion.etchirig.fRIE), and/or 
• . . , said.etch .stop Jayer. being comprised of a qua- 
70 .„„.., ternary semiconductor.material and.the step of 
. .. forming a. pedestal further comprises .applying 
<r --a sel ective;, quaternary, etch tOvSaid r ,etch stop 
layer, and/or " 10 ^ bnK 

the step ..of polishing v further .comprises, selec- 
75 tively A wet etching^thenSurface. of -said. optical 

f .., ...components, at a temperature.inj.thei-order of - 

'•"cV'-JsOnl) ebinqsorh ebtnes'iB rnuiliBp niuioril 
3. 'A .method ,ot fabricating jriicrOrOptical .components 

20 . on a semiconductor substrate^comprisingithe steps 

s: i9VBi as^itornco leysl qole rbis bisa 

depositing an etch stqpjayefco^^^^ 

■ - ^ ;c3W39 r substrate; BS QnitS03 to qefe erif 
^5 , v .^depositing an .optical v componentt layer onto 

n, f.jfioatmg^said, opticaJ fe %n^^ a 

■£ . (cR}7StPr e ?^*iI?^i*rJ;if l ^9mexer J , bn.B ©nefyy. 
.-oivProviding a mask .such fthatra/patternKOf said 

30 ^ P 4 C mask determines the auantitytand shapaof the 

k . -re micro-opticaLcomponents ^formed on.said opti- 

n! sS^lcp^^nSnt la y er ot£teO£iY^evxorilB-S 

.^!ig n ing^ajd..nra^ 
- tv ■« i^yer^og ^surface .pf said pptiraljcomponent 
35 .. layer with rthe layer. of photoresist material; 

exposing the surface of saidjpptical .t-ximgonent 
^ <r layer-with.the layer of .photoresist- material to a 

lig htj soLirce^ to > i^pr 1 pfiot^^sijesist rniiisk^,^ 
.ij-ci r^lK^yq'^.n.giarBJ-i ^MiORtical , cpmpo- 
40 ' f, «;« p^pt; !a*^ery in. rthe^ art^as^ surrounding said pho- 
..^-j^tqrj^ist-^^k ^to . form, 1 at r Jeast c one^optical 

!S x:C0lumn; ; ^1-;;^ e^ij-.jtjp.. .pi.^oie (P^3} 

.c.vf^ra^P^e!Blal : fbE each of^said^ptical col- 
teoifcujrjns by\applying ; a f3elect[ve^etch r t9Aaid etch 
45 .. : i b i: stop. layer ;, . q, f , ^ % r\- v , ; ie vs : J n o noqr ncc^ 
d f i i i ^.C^IPPV'DQ ;> s ?id photpresist E mask^ 

B'Di MPPjishingipach of vSaid^optjcal : co|umnSf ^thereby 



50 



n 



B /forming.;mqnolithic_pp^ 



4. eThe .methodcpf Claims, furthers comprising; the step 
^:applying;an^aatird of 
said ppticabcpn*iponents(tto - m^mjzentransmitted 
55 light, and/orwheiein ncd ic: * sbi-.i.-oltexfrrt 

'•mo \. fi:»6 nod**fiJ oiouinbcj'o^ijib bnc 

at least one of said optical-components being 

selected frpmrthe group consisting =p_f a.spheri- 
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cal ball lens, a cylindrical ball lens, a conical 
,qoijaiPIehs; r arcx)rivex lens, a concave lens and a 

l said optical' components and said substrate 
•"' ; " "* l ^BeinS'*compRsed ? c^ "material having substan- 



1*1* +« #— » J I 



tially similar-thermal expansion coefficients for 



improving optical alignment, and/or 



said opticahcomponents' layer- and said sub- 

u r ' ; strafe'"b~ei^ 



• from 'the g?6up ? cbrisistirig of inbium"ph'6sphide io 
""•* ^ (IhPyr'gaNitjm Wsenide* (GaAs), iridium arse- 
* nide c -(iriAs) n and * gallium* jr pKosphi^I r (GaP), 
and/or "^ ns ^ vft! 

' said n optical -components'- layer comprises a 
- • Civ layer T at t ieast 20 f microns'thick, and/or 9 "' : 
" f J :c sWid^tch'stopiayer Being cbmprisedTbf a mate- 
rial selected ?, 1fr6m ,n th^- r gr6u^ consisting of 
indium gallium arsenide phosphide (InGaAsP), 
^nsfK-fiasfflfh 'Galllum^rsenide (In'Ga As), b Aluminum 



3 



^ et:? Indium i 'ArsenFd^^AlrnAs); '-OTd^TIminum'" gal- 
lium arsenide (AIGaAs), and/or " ,c 
said etch stop layer comprises a layer at least 2 
• ; ^™ miao^ n ™l ™ r^c^t) 

the step of coating said ^optical cdmpbnent 
; la^er fu^rther^omprises^rovidirig said photore- 
sist material selected from tHe group consisting 
f. rit^f^-eth^^ialiet^^^ n-6utyi acetate in 
xylene and hexametrtyi6isil6zane^(HDMS) p 2- 
■3itc* •eth'oxy^hylacetate^' n-butyl' acetate' In" xylene 
<5r1i io sdlventr2-etHo5^^hylacetate 
• i- -ih^hfleHS^^ predated, 
2-ethoxyethylacetate 10 4-'*' n-6utyli fr: acetate in 
yi ^nf»j^|'en e laffflsiiic6rvn sil- 
r ^nr.j£^^j'jg^QC^0^%|^>^mpl« silic6ri ? nitride 
'(Si^V %fB^eiil3m1nurfi'^axiae' (AlgOa) 1 pre- 
^'-coafedi' arid/or :fieto ao^- J c.^-t^ 

the step'df ? selectiveiy etching away said optical 
component-layer further comprises dry etching 
in the'areas^s^rbunding said photoresist" mask 



" ,ir i to form a'Heasf* one "opticaf ebrumn using at 
' '* )feast :0 one' >:? 6f ^electron cyclotron r* resonance 
(ECR) etching, inductive couple plasma (ICP) 
1 -etching arid reactive-iori 'etching (RIE)7 and/or 
th e~ step of sel ectively etching away said optical 
component layer further comprises'iising a dry 
" ^etch'mixture^seledted from the group consisting 
^ -of 'argolT^hd : Kydrochlbric acid'CArVHCI^argon 
hydrogen and chlorine (Ar/CI 2 /H2), argon and 
'fiydrobro argbrfand bromine 

(Ar/BryV aTgbn and 5 chlorine (Ar/GI^)'; argon and 
methane and hydrogen (Ar/CH^H^, methyl 
iodide-XHjei)? bromine -ibdidS (bl^^metHaiie 
r 'and hydrogenrand^ulfur tlouride^(CHyH 2 /SF6), 

hexaflouride carbon and hydrogen (C^g/Hy, 
and dichlorodifluoro carbon and oxygen 

^ f :(eCl^02)rarid/or * <% n.- ; 
•^the' step "of ■cfbrmihg -a- pedestal further com- 
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prises' using a selective wet etching' : material : 
selected from the group consisting : of pbtas- f 
siurri hydr6xyde:p6tassium ferricyani¥e:deion- 
ized water (KOH^FetcKOe^O)^'' lactic 
acid:nitric acid (CH 3 CH 2 OCOOH:HN0 3 ), 
hydrochloric acid:nitric acid (HCI:HN0 3 ), phos- 
phoric acid: hydrogen peroxide :de ionized water 
(H 3 P04 f :H 2 0 2 :H 2 0), nitric &cia f (r4N0 3 ); : sulfuric 
acid ihydrogen peroxideldeidriiz ed 1 r water 
(H 2 S0 4 :H 2 0 2 :H 2 0), nitric acidrtartaric 

- acidrdeioriized : > '^^ - 3- -water 
(HN0 3 :HOOC(CH 2 0) 2 COOH:H 2 G) *ot*y and 

v *■ hydrofluoric : acid:hydrbgien perbxidefdeidnized 
water (HF:H 2 0 2 :H 2 0), ahd/dr-^ 1: - 
said 'etch' stop Tayer being^comprised of a qua- 
ternary semiconductor material and : th*e r step of 
forming a pedestal-further r comprises' applying 
a selective quaternary °etcrv tb r said' ; et<fHr stop 
''iaye'rV % an'd/or i£ ^ '." Jli — ^"tostee 

the step of polishing further compnses^using a 
' --selective-" wet pdlishing {r so!ution selected from 
' the group- consisting of hydroflonc acid:hydro- 
bromic acid (HF:10 H~Br)/ 1B hybrdbfomic 
; ' acidracetic acid ; (HTBrGH^C&OPl^ riy(frochloric 
acidlpfdpyiene glycoT ^HblfzCI^CHOriC^gOH) . 
and hydrobromic acidracetic acid:deionized 
water (HBr:CH 3 COOH:H 2 0)Tana/or rt! "^' : r ' rp 
said step of removing- said ^photoresist mask 
and cleaning the exposed surface of said opti- 

■t >-cal J columris'furtHer comprises the steps r of: 

. j ,(' •<<: o i^nifqo rifif? Qf ^irio7 v i:-:i c 'Opr., Lrwulct* 

removing said photoresist mask using a 

- p. • ; ' ^solution^of acefone; ' : '"' £ ' - ^ 

: ; removing* said'acetone from the'surtace of 
said optical columns r using • isdpr opah b I ; 

k - • : • ^^"removirig said^isoprdpanol fr6m ,£ th(e j sur- 
face* of said"- optical columns using deion- 

;/ "' ;>: Mzed vrater; affd/6f ^ "scf (rcj 



the step of applying an anti reflectivity r? coating 
further comprises 1 using 1( a* coating process 
selected^'fromthe^roup consisting' of "electron 

. , • — . U • . > * • _s " tr%>- i-.-- r-v .! - > * '""'It's 'I - '* ■ i 

beam evarjoration.-'sputtering^and chemical 
vapor depdsition^and/or e.-iivoiqm 
the step l of ^applying ah -ahtiref lectivity K cbating 
- : further comprises depositing^ least 7 6ne ? layer 
" '^bf^ahtirefiectivity^^oatihg^ containing rf malgn e- 

' sium fluoride r (MgFOV^alum^ 
! ' ul1 hafhium : flburide'(HfF); silicon' t 'dl6xide-(Si0 2 ), 
and silicon nitride (Si 3 N 4 ). :o\ort.-.. 

A micro-optical s^ttkfi''fcHp'Gt>f»i ? si^al 'jprocesG- 
inrX'comprisihjg: ?I ' , ^ l "^V QoU c^H3 

f •. >- - ' . -{ • . --t, !-<>• , i4 ■ » r *' ' ;\~ r .ol' i r' • 

- a semicdn^uctbfsubstrate;^ 1 ' " 1 ^ ' 
an'opticai 'comporient^beihg^foTmed from an 
epitaxial optical component layer deposited on 
said substraterand^- J ' e <rl <r v i " ,c 
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a pedestal coupling said optical component to 
said substrate being formed from a stop etch 
layer, said stop etch layer being interposed 
between said optical component layer and said 
substrate. s 

The micro-opticaLsystem of Claim S.wherein. 

I \ 

said optical component being selected from the 
group consisting of a~spherical 'ball lens, a id" * 
cylindricakball, lens, a conical ball lens/ a con- ^ 
vex lens, a concave lens and a prism, and/or \ 
. said optical components and said substrate 
being comprised of material having, substan- 
tially similar thermahexpansion coefficients for - 75. , 
improving optical alignment, and/or ' — 
said optical components layer and said sub- 
strate being comprised of-a- material selected — 

from the group consisting [of indium phosphide 
(InP), gallium arsenide (GaAs), indium arse- 20 
nide (InAs) and gallium "phosphide (GaP), 
and/or 

said optical components layer comprises a 
layer at least 20 microns thick, and/or 
said etch stop layer being comprised of a mate- 25 
rial selected from the group consisting of ■■«...; r 
indium gallium arsenide phosphide (InGaAsP), 
aluminum gallium arsenide (AIGaAs), and 
Indium Gallium Arsenide (InGaAs), and/or 
said etch stop layer comprises a layer at least 2 30 
--■ microns thick. 
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Figure 6 
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